NMDA and AMPA receptor expression and cortical neuronal death are associated with p38 in glutamate-induced excitotoxicity in vivo.
Early overstimulation of ionotropic glutamate receptors (iGluRs), such as the N-methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA) receptors, produces excitotoxicity in several brain regions. The molecular composition of those receptors and their regulation by intracellular signaling systems could be determinants in the development of progressive neurodegenerative mechanisms in the central nervous system (CNS). Studies of p38 mitogen-activated protein kinase (MAPK) activation, morphologic changes including cell number, and the expression of the NR1 and GluR2 subunits, by reverse transcriptase-PCR were evaluated at early postnatal ages (postnatal day [PD]8-14) in cerebral cortex of rats treated with monosodium glutamate (MSG; 4 mg/g body weight) administered subcutaneously on PD1, 3, 5, and 7. An important increase in p38 activity at PD8 and loss of cortical cell number were observed from PD8-14 in animals treated with MSG, together with significant morphologic changes characterized by cell shrinkage, nuclear hyperchromatism, and cytoplasmic vacuolation. These morphologic changes were prevented by SB203580, an inhibitor of p38 signaling, at PD8-14. No change in cerebral cortex thickness was observed among experimental or control rats. A significant increase in NR1 subunit expression was observed in response to MSG from PD8-14. GluR2 expression increased from PD8-12, but at PD14, its expression was reduced to 54% with respect to controls. SB203580 prevented alone the decreased in GluR2 expression induced by MSG. These results suggest that initial neuronal death (at PD8 and 10) in cerebral cortex may be due to an excessive Ca2+ influx through NMDA receptors, whereas the further damage process could be mediated by AMPA receptors through p38 signaling. This could represent a determinant mechanism to decide whether nerve cells survive or die.